In the o$cial method for determination of total bromine in fruit and grain foods, bromine is derivatized with 3-pentanone for GC analysis. Co-existing substances sometimes interfere with measurement of the derivative, though the method is highly selective. In this study, the notification method was modified to reduce impurity peaks by applying 3-hexanone. Samples were alkalized and reduced to ash in an electric furnace. After ashing, samples were oxidized with potassium permanganate solution and derivatized with 3-hexanone. The calibration curve was linear from 0.1 mg/mL up to 5.0 mg/mL. The detection limit (S/N῍10) was 0.1 mg/mL, i.e., 5 mg/g for herb, 2.5 mg/g for grains and 1.0 mg/g for fruits. The recoveries of bromine from fruit, grain foods and herbs added at the levels of 5 to 25 mg/g ranged from 84.2 to 96.9῏. The values of relative standard deviation (RSD) were from 1.4 to 6.3῏. This method should be useful for routine examination of total bromine in foods.
Introduction
Methyl bromide and ethylene dibromide are widely used to fumigate agricultural products, mainly for storage and shipping.
However, bromine compounds remain as residues in agricultural products. Methyl bromide has been identified under the United Nations' Montreal Protocol on Substances that Deplete the Ozone Layer as a significant ozone-depleting substance, and is scheduled to be phased out in developed countries by the year 2005. However, quarantine and preshipment uses are currently exempt from controls under the Montreal Protocol. Moreover, a few agricultural products, such as melons and Japanese chestnuts, can still be treated with methyl bromide in Japan because there have been no alternative chemicals or other viable treatment options to replace methyl bromide. Furthermore, a residue limit for bromine compounds as total bromine has been established in the Japanese Food Sanitation Law. Therefore, sensitive detection methods of bromine compounds are required.
Total bromine in agricultural products has been analyzed by GC 1)ῌ3) , X-ray fluorescence 4) , ion chromatography 5) and a colorimetric method 6) . GC analysis with 3 -pentanone (3-pentanone method) is most convenient in terms of the application for routine examinations, and is the notified analytical method of the Japanese Food Sanitation Law for total bromine in fruits and grain foods 7) . The 3-pentanone method is highly selective, but impurity peaks are sometimes obtained. In this study, 3-hexanone was applied to the derivatization of bromine compounds in foods to reduce impurity peaks.
Materials and Methods

Samples and reagents
Fruits, grain foods and herbs were purchased from retail stores in Tokyo. Potassium bromide was of JIS special grade, purchased from Wako Pure Chemical Industry (Osaka, Japan). 3-Hexanone was purchased from Acros Organics (New Jersey, USA). Other reagents were of analytical-reagent grade.
A 4῏ (w/v) sodium hydroxide solution was prepared as follows: 40 g of sodium hydroxide was made up to 500 mL with distilled water, then made up to 1,000 mL with dehydrated ethanol.
Standard preparation
As potassium bromide stock standard solution, 149.0 mg of potassium bromide was made up to 100 mL with distilled water (equivalent to a bromine concentration of 1,000 mg/mL). This solution was kept at 4῎ until analysis. Stock standard solution was diluted with distilled water to prepare working standard solutions. Working standard solutions were derivatized in the same manner as sample solutions.
Apparatus and GC analysis conditions
GC system: HP 5890 equipped with a 63 Ni electroncapture detector (ECD) and HP 7673A auto sampler; Hewlett Packard, California, USA.
GC conditions: column, HP-5 (0.25 mm i.d.ῌ30 m, 0.25 mm film thickness; JῌW Scientific, California, USA); temperatures: detector, 300ῌ; injector, 200ῌ; column oven, 50ῌ (1 min hold)῏10ῌ/min῏200ῌ (10 min hold); injection mode, splitless; carrier gas, helium at 70 kPa; injection volume, 1.0 mL.
Sample preparation
Fruits, grain foods and herbs were minced in food processors. Then 5 g of fruits, 2 g of grain foods or 1 g of herbs was put in a 100 mL heat-resisting glass beaker. The sample was mixed with 5 mL of 4῍ (w/v) sodium hydroxide solution and placed on an electric hot plate until dry. The sample was carbonized under an infrared lamp followed by ashing in an electric furnace at 550ῌ for 8 hr 8), 9) . The ashed sample was dissolved with 40 mL of distilled water. After filtration, the residues on the filter papers were washed with 10 mL of distilled water and the washing water was added to the filtrate. Then 100 mL of 0.1῍ (w/v) methyl orange solution was added to the filtrate as a pH indicator. One mol/L sulfuric acid was added until the color of the solution changed to pale red. The sample solution was diluted to 50 mL with distilled water.
Derivatization
Five mL of sample solution was transferred into a 15 mL polypropylene tube and mixed with 100 mL of 10῍ (w/v) sulfamic acid solution and 12.5 mL of 3-hexanone. Then 0.25 mL of 0.1 mol/L potassium permanganate solution and 0.25 mL of 2 mol/L sulfuric acid were added. Following gentle swirling, the tube was placed in a water bath at 40ῌ for 5 min. The tube was cooled to room temperature, 5 mL of n-hexane was added, and the tube was shaken for 1 min. The upper layer was pipetted to a glass tube. After adding 1 g of anhydrous sodium sulfate for dehydration, 1 mL of the upper layer was injected into a gas chromatograph.
Results and Discussion
Optimization of derivatization conditions
Derivatization was studied at 25, 40, 50, 60, 70 and 80ῌ. The results are shown in Fig. 1 . The amount of generated 3-hexanone derivative was largest at 40ῌ.
The temperature also a#ected the chromatograms by the denaturation of matrices in the samples. As the temperature increased, more impurity peaks appeared on the chromatograms. Therefore, a derivatization temperature of 40ῌ was used in further experiments. As for reaction time (2.5ῌ60 min), no significant increase in Fig. 1 . E#ect of temperature on the production of derivatives derivative was noticed after 5 min. Consequently, a reaction time at 5 min was selected for further experiments. The optimum volume of 3-hexanone was 12.5 mL among the tested volumes of 5, 12.5, 25, 50, 100 and 150 mL. The response was decreased at volumes exceeding 25 mL. Thus 12.5 mL was used in further experiments.
Assessment of performance
The linearity was studied by processing standard solutions in the 0.1ῌ5.0 mg/mL concentration range. The response was linear up to 5.0 mg/mL.
The limit of detection (signal-to-noise ratioῌ10) was estimated to be 0.1 mg/mL, i.e., 5 mg/g for herb, 2.5 mg/g for grains and 1.0 mg/g for fruits. The bromine concentration at a signal-to-noise ratio of 10 was approximately equal to three times the reagent blank value.
This method has adequate sensitivity for the detection of residual bromine in foods, considering the legal residue levels in fruits and grain foods are in the range from 20 to 180 ppm.
Quantitative analysis
The derivatization method with 3-hexanone was applied to food samples. Samples were selected from among frequently distributed foods in retail markets. Standard solutions were added to bromine-free samples and allowed to stand for 10 min before the start. The addition levels were set at five times the samples' detection limits. Suitable recoveries were achieved, ranging from 84.2 to 96.9῍. The relative standard deviation (RSD) ranged between 1.4 and 6.3῍ (Table 1) .
Separation of impurity peaks
Impurity peaks appeared in some cases on the chromatograms obtained by the 3-pentanone method (Fig. 2  (A) ). 3-Hexanone provided better chromatograms without impurity peaks, as shown in Fig. 2(B) .
The nature of the impurities was not determined. All organic components of samples should have been ashed in the electric furnace, so the impurity peaks might be due to inorganic components other than bromine.
Conclusion
The notification method for analysis of bromine in food had been modified. Recovery tests from agricultural products were satisfactory, with no impurity peaks on the chromatograms and high recovery. This modified method should be suitable for routine analysis of bromine in foods.
A part of this study was reported at the 87th academic conference of this society.
